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PREFACE

This publication is intended to be a teaching guide, useful
to all those involved with providing quality instruction in
clinical radiological physics to residents in radiology and is
intended to be used in conjunction with the American College of
Radi ol ogy Syllabus and Problens in Physics for Radiol ogy Resi-
dents.' Any comments or suggestions concerning this Quide shoul d
be directed to the Committee on the Training of Radiologists,
Anmeri can Association of Physicists in Medicine.



| NTRODUCTI ON

Qver the past few years several events have taken place which
have had a significant inpact on the teaching of clinical radio-
| ogical physics to radiology residents. Technology in the field
of clinical imging has been growing rapidly with new nodalities
being introduced and significant changes being nmade in presently
avail abl e i maging systems. The practice of radiology has been
divided into two divisions with several subspecialties, and there-
fore more intensive study is required. Support for physics has
increased, e.g., AAPMtotal nembership is up from888 in 1973 to
1,717 in 1978. Finally, the clinical radiological and radiological
physics comunities have come to realize that both the content and
the nethod of presentation of physics courses for residents need
updating and upgrading.

This report is an attenpt to provide guidance to all those
concerned with providing quality clinical radiological physics
instruction to radiology residents: program directors, teachers,
and hospital admnistrators. It is hoped that this Guide will
find its way into the bands of all these people in every program

To this end, this report provides information that wll
assist in pronoting the atnosphere for establishing quality train-
ing progranms and indicates sone teaching techniques. A very
concerted, continuing effort is being made to ensure the rel evance
of the "Boards" to the practice of radiology and the rel evance of
our teaching to both.
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A PH LOSCPHY FOR THE TEACH NG OF CLI NI CAL
RADI OLOG CAL PHYSI CS TO RADI OLOGY RESI DENTS

The rationale for including clinical radiological physics in
radi ol ogy residency curricula is that the practice of radiology
depends to a significant degree on the appreciation for and
application of physical principles as they pertain to activities
in which the radiologist has the prime responsibility, is the
lone actor, or is the critical factor. These activities include
eval uation of inmage quality for optinmum information (diagnosis);
eval uation of efficacy of treatnment (therapy); patient and staff
safety; econonical and efficacious choice of equipnent; and
facility design.

The physicist understands the term "physics" as that branch
of science that deals with fundamental quantities. It is clear
that the radiologist needs something else (nanely that enbodied in
the term "clinical radiological physics") in order to carry on
meani ngful di scourse with other radiologists, radiologic physi-
cists, technologists, service engineers, and sal esnen. It may be
that some or all of these people will finally answer the radio-
|l ogist's questions, but the radiologist nust be able to ask the
appropriate questions.

Radi ol ogi sts should, by their know edge of clinical radio-
| ogi cal physics, be able to bridge the gap between physics and
medi cine without thenselves having to become radiologic physicists.

It is inportant to stress that a residency is primarily a
professional training and not a continuation of acadenic studies;
therefore, clinical radiological physics should be practical and
pertinent to the practice of radiology. Put succinctly, the
clinical radiological physics curriculum shoud be very much goal
oriented. The resident should be taught the clinical radiological
physics that a radiol ogist nmust know in order to satisfy the needs
of the patient in ternms of the medically pertinent technical
know edge, the econonics of health care, and the safety of all.

B.  STATEMENT TO PROGRAM DI RECTORS AND ADM NI STRATORS

The appropriateness of inportant decisions made by radiol o-
gists concerning such issues as equi pment specification and
selection, facility design, patient and staff safety, and efficacy
in diagnostic or therapeutic procedures will depend on his or her
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application of a wide range of subjects in clinical radiological

physics. In radiol ogy, now as never before, the techniques are
beconing increasingly conplicated, the equipnment is conplex and
expensive and concern for safety is ever present. It is the pur-

pose of the clinical radiological physics portion of the residency
progranms to prepare physicians to meet these problenms in their
practice.

The essential topics published by the American Board of
Radiol ogy (ABR) reflect a renewed interest in teaching appro-
priate material to radiology residents, and the success of that
teaching depends to a critical extent on the establishnent of a
good | earning atnosphere.

Any new radiol ogy residency program and those that are al-
ready established, should |ook carefully at the allocations of
space, time, equipnment, and manpower needed to achieve the goals
defined by the physics teacher. Although, it is not possible to
meke detailed statements that are applicable to all prograns,
sonme general recomrendations can be nmade.

The didactic teaching of clinical radiological physics nust be
carried out at a time of day and under circunstances that are
conducive to learning. Attendance at classes should be mandatory.
Resi dents should not be "on call" during class. The instruction
in clinical radiological physics should warrant the same consider-
ation as any other aspect of the program Quite clearly, the
attending staff may have to "cover" so that the residents can
obtain their physics training. To allow clinical radiological
physics to be taught only when residents have "nothing nore im
portant to do" is to undermine the entire effort in terms of its
relative inportance and the efficacy of the teaching.

The 1978 survey by the American Association of Academic Chief
Radi ol ogy Residents indicated that the average program in diag-
nostic radiology is devoting about 46 |ecture hours per year to
the teaching of physics. A mininum of 200 hours is required for
certification by the Nuclear Regulatory Commission (NCR) including
lectures, laboratory experience and denonstrations. This same
nunber should apply to diagnostic radiology, therapeutic radiology
and nucl ear nedicine.

It nust be appreciated that a very significant part of the
physicist's time my be occupied with teaching. It is commnly
accepted that for every 1 hour of class time, 2 hours should be
al lowed for preparation.

There nust be support for, and reinforcement of, the teach-
ing of clinical radiological physics fromthe program director
and the clinical staff. The program director should review, with
the physics instructor, the clinical radiological physics program
on a regular basis. In addition, the program director and mem
bers of the clinical staff should participate in a clinical radio-
| ogical physics training program if only in a nodest way.

The residents who are taking the clinical radiological
physics course should be tested and their status in the program



shoul d be made contingent on satisfactory performance, as is the
case in their clinical areas. The expectations of the program
director and the methods of evaluation should be clearly defined
at the start of the program

Careful consideration must be given to choosing the person
who is to do the teaching of clinical radiological physics.

C. QUALI FI CATI ONS OF | NSTRUCTORS

It is generally assumed that one who has been a good physics
student will also be a good physics teacher. This is not neces-
sarly so. Although, it is common practice for physicists to take
acadenic jobs where they nust teach physics to students who are
well motivated to becone physicists, it is another matter to
teach clinical radiological physics to adults who are not noti-
vated, are often distracted by clinical situations, etc. Thus,
the person who is selected to teach clinical radiological physics
to radiology residents should be a Board Certified physicist or
other individual having extensive background in clinical radio-
| ogical physics, instrumentation and safety, and should be chosen
especially with his/her teaching ability in mind.

At this witing there are no standards for this type of teach-
er training, and no specific education courses are directed to-
ward preparation for the teaching of medical physics to physicians.
Until such tine as teaching skills becone part of radiologic
physicists' own curricula, we must rely on such expedients as
local teachers' colleges, adult education, special synposia,
tutorials, the constructive criticism of one's students and peers,
and sel f-study.

In many cases, the nedical physicist nust teach a wide
variety of persons, including nurses, technologists, nedical
students and residents, as well as physicians and other physi-
cists. This neans that the program director, in selecting a
teacher, nust either consider prior teaching training or proven
experience, or be prepared to subsidize the acquistion of such
training.

D. COURSE ORGAN ZATI ON

The organization of a course in clinical radiol ogical
physics must meet several criteria:
1. It nust catch and hold the sincere interest of the
student .
2. It nust inpart relevant information in an easily
assimlable way.
3. It nust fit into the total programin an appropriate
way.
Before sonme positive recommendations are nade, it is neces-
sary to state one caveat: the essential topics prepared by the
ABR are not intended as a scheme for course organization. This



is sinply a list of topics that the ABR believes at this tine

to be relevant. The organization of these topics into an effective,
cohesive course is left to the teacher. Also, not all topics
listed nerit the sane intensity of instruction.

Several definite recomendations can be given to help achieve
the above criteria. The overall program of clinical radiol ogical
physics should be as intensive as possible, and as much as pos-
sible of its content is best given early in the program The
contact hours cited in section B are intended only for perspective.
One should not be overly concerned with clock hours but rather
enphasi ze the success of the program |f 220 hours is the goal,
these shoul d be apportioned heavily toward the beginning, and
formal classes should be relatively rare toward the end of the pro-
gram By the end of the program the physicist and residents shoul d
be working together.

1. Introductory Course

There should be a brief introductory course soon after the
new resident has entered the program |f such a course is effec-
tively presented, a resident will have acquired a useful working
know edge, be prepared to speak and listen intelligently to
physicists, technologists, and radiologists, be watchful for
physical principles at work, be able to establish rapport with the
physics staff early in the training period, and be better prepared
for the nore intensive physics courses that will follow In fact,
even if the other physics courses are to follow inmediately, some
sort of introductory overview is recomended to avoid having the
resident enter a course whose relevance night otherwi se be un-
clear and whose goals may seemrenote. The introductory course
should (1) include at |east some opening remarks by the program
director to establish the significance of the training in clinical
radi ol ogi cal physics; (2) give an overview of the application of
physics to the specialty; (3) be practical rather than esoteric
or theoretical, perhaps even teaching some sinple useful skills
so that the resident may actively participate in departmental
work; (4) convince the resident of the relevance of a know edge of
clinical radiological physics by making use of real-life exanples
of its applicability in such areas as inproving imge quality,
decreasing patient dose, achieving equi pment specification, and
decreasing operating expense; and (5) establish the practical
aspects of radiation safety to which the resident has not previ-
ously been exposed. This course should consist of 10 hours of
orientation and 20 to 40 hours of introductory material.

2. Basic Physics

It is desirable to present basic physics in separate courses
for the purpose of identifying those topics that serve as the
physical basis for the nore clinically related physics and the
technical aspects of the later courses. It also facilitates
systematizing the topics into a core physics course for nmultiple
specialty programs (with appropriate specialized outside reading).
Al though, the basic physics courses deal with fundamental aspects
of radiation and matter and their interaction, the |evel should
be appropriate to the intended audience. Thus, theory and



mat hematics should give way to plain-English explanations and

rel evant results and conclusions. Derivation of equations shoul d
be presented only if requested or if doing so will clarify a point.
In fact, the presentation should be qualitative except for those
aspects in which the resident nust devel op conpetence in actual
calculation, such as the mathematics of decay. Determining how
many conputations in basic physics a radiologist actually does in
practice will help put these matters into perspective. Such
conputational problems that do serve a useful purpose should be
handled in a relaxed way as homework assignments. The basic
physics aspects can probably best be handled in the traditional
way; and if the introductory course did its job, the student will
understand the need for this section of "nonapplied" information.
3. Cinical Radiological Physics

Al though the basic physics course may present elementary
principles of radiation physics in a rather classic way, it is
the purpose of the clinical radiological physics courses to focus
attention on the practical problens that the radiol ogi st nust be
adept at solving and on devel oping the radiologist's ability to do
s0.

This is probably best achieved by identifying a number of
goal s or end products in which the radiologist is interested and
then exanmining the elements that nmake up the whole.

Several exanples may help.

1. Ask the students to state the characteristics that iden-
tify a good therapy treatment. Have them go on to specify the
characteristics of a treatment machine that will produce good
results in treatment. Then have them relate these characteristics
to the manufacturer's specifications.

2. Ask the students to predict their future nuclear nedicine
practice. Have themwite up a nock NRC |icense application.

3. Present the students with the detailed specifications of
several radiographic and fluoroscopic x-ray units. Have them
choose among them and give detailed justification.

The clinical radiologic physics course should contain those
el ements of radiation protection that apply to the specialty. The
course should prepare the radiologist to admnister protection
schenes for patients and staff, to appreciate the problems of
effective facility design, to understand the concepts of keeping
exposure of personnel as |low as reasonably achievable, and to
understand the requirements of licensure, regulation, and accredi-
tation.

It is not appropriate here to cite any nore exanples, but it
is very inportant that the physicist/teacher clearly understands
how physics fits into the role of the radiologist and then devel op
the course in clinical radiological physics to neet those needs.

4. Special Topics

There are some subjects that are not entirely clinical radio-
| ogical physics but that the resident may be held responsible for
by the ABR  These include statistics, physical principles of



radi obi ol ogy, conputer technol ogy, physics of vision, and infornma-
tion theory.
5. FElective Topics

In many institutions, residents may wish to go more deeply
into the required topics or to explore peripheral areas. It is
not our purpose to specify what these areas mght be but sinply to
encourage such pursuits as are appropriate in a given setting.

E.  TEACH NG TECHNI QUES

Suggesting teaching techniques is an inportant aspect of this
Quide. Although there is no substitute for a well-organized
course, certain methods can nmake the course nore effective.

1. Audio-Visual Aids

Classroomtime is an inportant part of a training program
because it is a setting in which the instructor can help the stu-
dent devel op the appropriate concepts of clinical radiological
physics.  Concept formation is greatly enhanced by the use of
visual presentations. Several different nethods are available for
presenting visual material.

Radi ographic Images.-It is very inportant that the concepts
of image formation and image quality be illustrated by the use of
actual clinical radiographic images. An instructor should create
a set of teaching imges of actual patient cases as well as phan-
tomor test objects.

Showing the filnms on conventional viewboxes offers maxinmum
flexibility in the presentation but is practical only for small
groups. Inmges that are on S-inch by lo-inch filmcan be pro-
jected onto a screen by the use of an overhead projector. |nmges
can al so be copied onto 35 nmslides for classroom use.

Handout s. - - Mbst nedi cal school s make extensive use of hand-
outs. Consequently, residents are quite atuned to this type of
material and the physicist will find this invaluable in that only
rel evant material need be provided for the residents' reading.

Qverhead Transparencies. --One of the npst versatile nodes for
presenting visual material in the classroomis the overhead
projector. In addition to projecting radiographic images, it can
be used to present all types of illustrations. There are several
ways of obtaining the transparencies for this nmode of projection.
Most institutions also have copy machines which can be used to
produce transparencies from printed material. Special markers are
available for drawing and witing directly on transparent sheets.
These can be used to prepare illustrations before class tine or
during the presentation as one would use a chal kboard.

Overhead projection offers a high degree of flexibility in
conparison with 35 nmslides. Wth the overhead projector, it is
easy to go back to previous illustrations for the purpose of
review, relating concepts, or answering questions.

35 mm Slides.--Both radiographic imges and printed illustra-
tions can be copied onto 35 nmslides for classroom projection.
Slides are relatively inexpensive to make with either special copy




film which can be developed in x-ray film processors, or color
transparency film which can be processed comrercially. A mgjor

di sadvantage of 35 mmslides is that the material nust be arranged
in the projector trays before the presentation. This makes it sone-
what difficult to alter the order of presentation in the classroom
or to refer to previously used illustrations.

2. Laboratories and Denonstrations

Laboratories should be part of the residents' training only
when they can be used well, which neans having appropriate equip-
ment available at an appropriate tine.

Laboratory experiments are useful in reinforcing basic con-
cepts previously presented in lectures and in providing residents
with inportant and desired hands-on experience. The inportant
guidelines in conducting lab experiments are to have a definite,
stated objective, to be brief and to the point, and to require
only the absolute mninmm data collection necessary to illustrate
the objective. It is often desirable and useful to require the
residents to think through the concept being investigated and to
prepare a brief report. Following these guidelines will result in
| aboratory sessions that provide a neaningful |earning experience
for residents.

Denonstrations are also useful teaching aids. Exanples are
the operation of film changers and other special-procedure equip-
ment; focal spot checks, checks on radiation and light-field
congruence and their adjustnment, and other quality assurance tests;
and the calibration of an x-ray generator (i.e., kVp, mA and tine
adj ustnents). The general philosophy of the guidelines discussed
above for laboratory experinments should also be incorporated in
denonstrations.

Al though not exactly in the sane category, having the resi-
dents participate in technologists' filmcritique sessions or act
as filmaquality control supervisors can quickly acquaint the
resident with very practical problems and sol utions.

3. Cinical Radiological Physics Participation

Nearly all of the activities of the clinical radiological
physicist are of interest to the prospective radiologist. The
application of physics will enphasize and reinforce the instruc-
tional course. Wrking with a radiological physicist gives the
resident perspective into and a sense of priorities for the appli-
cation of radiological physics. It also helps clarify the
position and the functional methods of the radiol ogical physicist.
The nature of the physics records and files becones clearer by
participation in their use. Perspective into certain aspects of
the physical and administrative structure of the hospital may also
be obtained. Finally, participation in clinical radiological
physics introduces many real problens that are often not directly
addressed in a didactic course. Areas of particular interest in-
clude quality control and the relationship to physical aspects of
equi pnent, dose calculations (primarily in diagnostic radiol ogy),
and radiation safety as it pertains to the radiologist in a small
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office or hospital (where the assistance of a physicist may not be
readily available).

There are, of course, limtations. The coverage of topics is
certainly inconplete, and mmjor conceptual devel opnents are
usual Iy neglected. Boredomw th sone of the nore tedious tasks, or
lack of any task, mmy cause an unpl easant and unproductive ex-
perience, or there may be sinple commnication problems. Aso, it
is not usually possible to organize the sinultaneous participation
of more than one or two residents.

The activities in which a resident could fruitfully partici-
pate include virtually all of the clinical activities of a
radi ol ogi cal physicist and perhaps even a little research for
sel ected residents. The calibration and safety checks of radia-
tion producing and radiation detecting equipment is a very
desirable activity for participation; also, quality assurance
prograns are inportant. The resident should have sone contact
with real conputations in clinical radiological physics such as
therapy treatment planning and diagnostic dose conputations-for
exanple, the calculation of fetal exposures. Many of the activi-
ties of the radiation safety officer are also suitable for resi-
dent participation. These include surveys, the nonitoring
program shielding planning and eval uation, and many of the as-
pects of docunentation. In addition, it would enhance a resi-
dent's understanding to observe adnministrative functions such as
a radiation safety conmttee meeting or an inspection by an
accrediting or regulatory agency.

The degree of participation will vary with the institution,
the task, and the interests of the resident and the physicist.

The nmost effective formfroma teaching point of viewis the role
of the resident as a supervised student. One should not expect
the resident to function as a co-worker and shoul d remenber he is
a student learning new skills. Wth such a teacher-student
relationship the highest levels of interest and understanding are
likely to be obtained. For some activities the resident can only
be an observer; in that case, it is inportant to prevent boredom
and to ensure that the significance of the activity not be mis-
understood. There is a need to maintain a proper professional
and teaching atrmosphere; the use of a resident as a full-tinme "go-
for" is to be avoided.

The scheduling of a resident's time for participation in
clinical radiological physics is often a difficult problem Not
only are there many demands on the resident's time, but suitable
physics activities are often hard to schedule by thensel ves.

Sone institutions utilize a formal rotation through physics. In
other cases, a portion of another rotation, such as half a day per
week while the person is assigned to ultrasound, is utilized.

Only in small institutions, and generally with mired success, can
residents be taught physics without a scheduled tine allotnent.

The personality of the clinical physicist who works with the
residents during clinical participation is as crucial to the
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success of this node of teaching as to any other nmode. A secre-
tive, disorganized, or dogmatic physicist is not likely to convey
much useful information or positive attitudes. An articulate, well
organi zed individual who likes to demonstrate and discuss is
needed.

Not only should the resident spend time with the physicist,
but the teacher should be a regular participant in the clinical
activities--not just direct patient care but also journal clubs,
tumor boards, and so on, at which physics can occasionally be the
subj ect for discussion.

4. Quest Lectures

If the chief radiologist gives a lecture entitled "How | Use
Physics in My Daily Practice" as the opening lecture in the clini-
cal radiological physics course, the course will be off to an
enviable start. Guest lecturers can add motivation, diversity of
views, and specialized expertise, or even fill a gap in the in-
structor's schedule. However, because of the differences in
teaching styles, personal enphasis, and termnology, guest |ec-
turers can create chaos unless their nunber is limted and they
are carefully utilized. If the presentation is poor, the views
presented are contrary, or the subject is inappropriate, even a
singl e guest lecturer can have a devastating effect.

The course instructor and the guest |ecturer should agree
beforehand in detail on the contents of the lecture. The instruc-
tor should know the lecturing style and ability of the guest as
much as possible. The instructor should sit in on the lecture,
both to connect the lecture to the rest of the course and to eval-
uate the lecturer for possible future use. The responsibility for
continuity, nmost handouts, and the quizzes nust remain with the
instructor.  The guest l|ecturer should have specific expertise and
interest in the subject, a good lecturing style, and a willingness
to cooperate to achieve the goals of the course.

"I'n-house" guest lecturers may be radiologists, other physi-
cists, radiopharmacists, radiobiologists, bionedical engineers, or
technol ogists. The local area may have similar persons available.
Many commercial firms, professional organizations, and governnent
agencies have lecturers on topics related to their interests.

Many potential |ecturers are eager to discuss those topics in
whi ch they have expertise.

The costs of a guest lecturer are usually an honorarium and

travel expenses. In general, in-house and comercial |ecturers
will require neither; this is also often true for governnent
lecturers. In all but a few cases, the honorariumis nore token

than substance. The noney to support the lecturers can come from
the institution's budget; unbudgeted "professional” funds may also
be tapped.
5 Sel f-Study

Under certain circumstances it may be nore cost-effective to
handl e the physics course by way of _supervised self-study. There
are presently at least two mjor works available, both of which
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require that the student participate actively in obtaining the
required know edge.

One such course’directed toward residents in radiation
therapy is composed of some 30 sections that are broken down into
overview and supportive information, reconmended reading from
"best source" references and practical exercises. Before passing
on to the next topic, the student must discuss the concepts with
a qualified radiological physicist.

The Radiol ogical Learning Laboratory’utilizes a selected
teaching file of radiographic films to present the principles of
radi ographic interpretation and al so sone concepts of radiation
protection and radiographic imging. It is being expanded to in-
clude nore physics.

6. Examinations

Exami nations have several major roles in the clinical radio-
| ogi cal physics course. The first is to provide some objective
assessnent of a resident's progress through the course, and in this
sense the examis essentially a teaching aid--an aid to both the
teacher and the student. However, in order for exans to have
their maxi num educational inpact they should be reviewed pronptly.

The learning/teaching of clinical radiological physics is
serious in the very real sense of tine and manpower expended, and
it is reasonable to expect the attention of the resident. Al -
though nmaking the clinical radiological physics course relevant to
the practice of radiology is the best way of attracting the inter-
est of the resident, there can be no doubt that relating a resi-
dent's status in the programto his or her performance in the
course will also inspire interest. And just as there are un-
doubtedly clinically related reasons why a physician should not
become a radiologist, a resident should not be allowed to con-
tinue in a programirrespective of his performance in physics.
Surely examination results reported to the program director can be
of some use here.

"Examinations" should not be |ooked at in the narrow sense,
however.  They can range from surprise quizzes, to end-of-course
witten tests, to take-home problems, to working out a solution to
a problem during the clinical radiological physics rotation. W
woul d, however, caution against the excessive use of nultiple-
choice questions for anything but the testing of retention of
specific information. Although they are convenient testing tools
for the purpose, multiple-choice tests do little to foster induc-
tive reasoning or to pose situations encountered in real life.

Finally, a nunber of books are available that contain mul-
tiple choice-type material, such as the RAPHEX exami nation, and
these can be useful as teaching tools to help assess the resident's
progress as a neans of specific preparation for certification
exans. The instructor should carefully review all questions and
answers from commercial exanmi nation books, since some contain
NUMEr OUS errors.
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F.  SOURCE MATERI AL

The Committee on the Training of Radiologists (CTR) of the
AAPM will maintain lists of source material in the categories
listed below.  The AAPM does not claimthat these lists are com
plete; nor can it vouch for the quality of the material. Each
teacher should review as nuch of the nmaterial as possible, not
only to determine its quality and applicability to the teaching
program but also to gain insight into alternative nethods of
presenting the same material. Caution should be exercised in that
not all material will be appropriate for student consunption.

The CTR wel cones any information about these lists that will
meke them nore accurate.

Any or all lists may be obtained by witing to AAPM *

List of Source Material
Text books
Journal s
Laboratory exercises and denonstrations
Reports
Audi o-vi sual material
Conpi l ations of sanple questions
Texts on bow to teach adults

~o o w e

G.  ESSENTIAL TOPICS

The essential topics, as prepared by the ABR are available
fromthe ABR offices. Sanple questions prepared by the AAPM and
the ACR nay be obtained fromthe ACR offices. The essential
topics and questions are updated frequently and should not be con-
strued as the only material that should be covered in a clinical
radi ol ogi cal physics course. In addition, the Board does not pro-
vide any guidance, in the essentials, concerning the depth of
know edge required in each area--this is left to the discretion
of the physicist-teacher.

REFERENCES

1. Available from Anerican College of Radiology, 6900 Wsconsin
Avenue, Chevy Chase, MB 20815

2. R F. Myer, Radiology (Physics), SUNY Upstate Medical Center,
750 east Adans Street, Syracuse, NY 13210

3. Prepared by ACR'BRH. available from ACR San Francisco Ofice,
560 Lennon Lane, Walnut Creek, CA 94598

4, Available from AAPM Headquarters
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